Superplastic forming, SPF is a special metalworking process that allows sheets of metal alloys such as aluminum to be stretched to lengths over ten times. Nowdays, only a few aluminium alloys can meet the specific requirement of SPF manufacturing process and not much data available to represent their mechanical behaviour. In order to deal with this issue, this research project is conducted to investigate the characteristics of commercial aluminum alloy, AA5083 when tested at different strain rates and temperatures. These parameters play a crucial roles in the design and manufacturing processes of military, automotive and aerospace structures. Equally, the effects must be considered in the constitutive model development to accurately capture the deformation behaviour of such materials. The specimens were prepared according to 12.5mm gauge length standard. The Uniaxial Tensile Tests were carried out at various strain rate from 4.167 x10 -1 s -1 to 4.167 x10 -5 s -1 over a wide temperature range from ambient to 95°C. The experimental data shows that increasing strain rate increases flow stress, while increasing temperature decrease flow stress. This is leads to important conclusion that material AA5083 exhibits strain rate and temperature sensitivite, and suit with the SPF operating condition.
Introduction
Aluminum alloys can meet worldwide industrial applications as can be observed in electrical, transport, building, etc. The use of aluminum in the car can reduce the weight of vehicle. This results in better performance, furthermore reduce oil consumption which then bring less harm to environment. There are number of manufacturing processes that widely adopted to manufacture and fabricate aluminum alloy from raw material to end product. One of them is the Superplastic Forming process, SPF. Superplastically forming aluminum alloy has the ability to reach out to several times original size of aluminum alloy without failure when heated. Nowadays, only a few aluminium alloys could meet the specific requirement of SPF manufacturing process; one of them is aluminum alloy, AA5083. In literature, there are insufficient data published for this aluminum alloy to help the understanding on its unique characteristic. Therefore, this project is conducted to establish the required data by focusing on the very important aspects of strain rates and temperatures. The information is useful to understand the behaviour of AA5083 when undergoing finite deformation. This can helps toward technological development of related industries. The data can be further used as a reference in the development of a new constitutive law for this material.
Literature Review
SPF is a high temperature technique of sheet metal presswork fall in hot blow molding process. This technique process is becoming important due to high demand for lightweight but strong materials in the automotive and other manufacturing industries [1] . Superplastic forming is an answer to traditional sheet forming techniques. Instead of providing unlike closed-die pressing, superplastic forming also requires minimal work input. During SPF process, sheet materials are elongate several hundred percent. This manufacturing process can create complex part and reduce assembly costs by eliminating nuts, bolts and fasteners which previously used to fix individual metal parts together into a larger unit. SPF has its own unique requirement where the average size of specimen grains must be less than 10µm and the strain rate must be less than 10 -2 s -1 , while running at very high temperature approximately 60% of melting temperature [2] [3] . Application of this forming process upon aluminum requires heating to high temperatures and at low strain rates (1x10 s to 1x10 s ) to achieve the exceptional ductility associated with this phenomenon [4] . There are not so many materials can meet the requirements of SPF as AA5083 does, hence make this material a perfect choice for automotive, aerospace and military applications [5] . To further explore the potential for advanced application, researcher and the user of metal structures must first understand the exact behaviour of this material when undergoing finite deformation. The publised experimental data is useful to derive the related properties of this material which then allows for further investigation via relevant simulation model. The most applicable testing procedure for material characterization is uniaxial tensile testing due to its simplicity and cost effective [6] . This test allows for evaluation of flow stress, elongation and cavity volume fraction at various temperatures and strain rates [7] . These effects are important since mechanical properties and fracture process are strongly depends on it [8] [9] .
Experimental Testing
This research was divided into three main phases consists of specimen preparation, experiment implementation and data analysis before conclusion is drawn at the end. In the first phase, the flat dog bone specimen geometric was cut according to the standard dimension of gauge length 12.5mm using Mazak CNC vertical Milling Machine 3 axis (Maxus 410A-II) according to for Tensile Test. There were 60 specimens tested with different strain rates and temperatures. Four specimens were used for each test setting and labelled to avoid confusion as shown by Fig. 1. Fig. 2 shows the main nomenclature of specimen. The Uniaxial Tensile test was conducted using Gotech Testing Machine that consists of a maximum 5000kg load cell and the software engine, U60-Hot Chamber as depicted in Fig. 3 . Using the Environmental Chamber, the test performed at ambient, 65°C and 95°C from strain rates 4.167x10 -1 s -1 to 4.167x10 -5 s -1 .
The specimen was attached to Gotech Testing machine using jig to avoid slip as depicted by Fig. 4 . It is pulled by tensile load at constant rate until failure. The elongation of specimen gauge length is measured using extensometer, 
Results and Discussion
The experimental data was thoroughly analyzed in the next stage of this project. The data is presented into stress-strain curve to simplify the investigation and to cater the flow stress level of AA5083. In general, the same stress-strain curve was developed within elastic and plastic regimes as normally shown by ductile materials [10] , which strongly influenced by both temperatures and strain rates. The experimental data is summarized in Figs. 6 to 8 to show the effect of temperatures at constant strain rate, and the effect of strain rates at constant temperature. Only selected results are presented in this paper for the sake of brevity. Referring to Figs. 6 and 7, it can be observed the flow stress decreases as the temperature increases. The results also show that the temperature influenced the point where the material starts to yield. Fig. 8 shows the effect of strain rates at constant temperature. It can be seen that the flow stress increases as the strain rate increases, and decreases as the temperature increases. Therefore, it can be deduced that the commercial aluminum alloy, AA5083 is strain rate and temperature sensitive.
Materials undergoing SPF process normally deform at strain rate below than 10 -1 s -1 . Since AA5083 was successfully tested from strain rate 4.167x10 -1 s -1 to 4.167x10 -5 s -1 , it can be deduced that AA5083 is able to comply with SPF operating condition.
Conclusion
The behaviour of commercial aluminium alloys AA5083 undergoing finite deformation at various temperatures and strain rates were examined in this paper. The experimental data shows that AA5083 is temperatures and strain rate sensitive, and suit with the requirement of SPF process. The publised data can help towards better understanding on the characteristics of AA5083. It also can be a guidance for other materials development to meet the specific requirements of SPF manufacturing process. 
